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Structural Design and Analysis of Non-penetrating Interval Cutting

Frangible Cover
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Abstract: The launch box cover should meet the requirements of light weight and compact structure. In order
to meet the performance requirements, a new design scheme named non-penetrating interval slit composite
fragile cover is proposed. Finite element models of progressive damage under pressure and break are
established, respectively. The influence of structural parameters on mechanical properties of the new structure
fragile cap 1s analyzed, and the damage failure mechanism of fragile cap break is discussed. The results show
that the finite element model established in this paper can effectively predict the maximum deformation of the
cover under pressure and the bursting pressure of the cover under bursting condition. The increase of the cover
thickness will lead to the decrease of the maximum deformation and the increase of the breaking pressure of
the frangible cover under the pressure condition. The increase of the slit width has little effect on the
maximum deformation of the cover under pressure. However, the weak area of brittle cap will enter the
damage failure stage earlier under the condition of breaking, which will have a negative impact on its breaking
performance.
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Fig.2 Dimensions of frangible cover
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Table 1 Dimensions of frangible cover mm
D, D, M L
300.00 194.00 0.20 2.00
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Fig.3 Schematic diagram of simulation launcher assembly
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Fig.4 Pressure experiment
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Fig.5 Non-penetrating interval slotting
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Fig.6 Bursting results of the frangible cover
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Fig.7 Finite element model of frangible cover
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Table 2 Properties of composite laminate

Wl 25 BAE [EiE 2 BE
E,.E, /GPa 21.50 X..Y./MPa 385.42
E,/GPa 5.68 Z/MPa 62.35
G./GPa 3.42 X..Y./MPa 279.36
Gy G,/ GPa 2.13 Z./MPa 234.26
P 0.11 S.,/MPa 68.50

Lo fhrs 0.29 S,,.S.,/MPa 44.31
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Table 3 Properties of epoxy resin
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(a) Stress distribution of filled resin in weak area
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(b) Top view of stress distribution in non-filled
resin area of fragile cover
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(c) Elevation view of stress distribution in non-filled
resin area of fragile cover
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(d) Deformation of cover body
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Fig.8 Stress distribution and deformation of frangible cover
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Table 4 Structural parameter discussion
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Table 5 Stiffness degradation model
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Fig.13 Resin failure in the slit of fragile cover at the pres-

sure of 0.056 MPa
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Fig.14 Fiber compression failure of weakness zone at the

pressure of 0.084 MPa
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Fig.15 Fiber tensile failure near the weak zone at the pres-

sure of 0.196 MPa
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Fig.16  Yarn-matrix tensile failure near the weak zone at the

pressure of 0.196 MPa
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Fig.17 Resin failure in the slit of frangbile cover at the pres-
sure of 0.252 MPa
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Fig.18 Load-displacement curves of the center of

frangible cover with different thicknesses
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Fig.19 Load-displacement curves of the center of

frangible cover with different widths of the slit
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